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ABSTRACT. Studies of m vitro immunoreactivity to pro-
pylthiouracil (PTU), methimazole (MMI), and Carbimazole
(CARS), as assessed by peripheral blood lymphocyte transfor-
mation and 2 antibody tests, were carried out in 12 patients with
Graves' hyperthyroidism who had developed agranulocytosis
during treatment with PTU (11 patients) or CARB (1 patient)
from 1 week to 10 yr earlier. Significant lymphocyte transfor-
mation responses to antithyroid drugs (stimulation indices >
mean ± 2 so for normal subjects) were found in 5 of 6 patients
tested, in 1 patient to PTU only, in 3 patients to MMI only, and
in I patient to both PTU and MMI, but in none of 10 patients
currently being treated with PTU who did not develop agranu-
locytosis. Circulating antibodies causing neutrophil agglutina-
tion in the presence of antithyroid drugs were demonstrated,
using the indirect Coombs test, in 5 of 7 patients tested, in 2
patients to PTU only, in 3 patients to CARB only and in 1
patient (the only one tested with MMI) to PTU and MMI.
Lymphocyte transformation and antibody tests to PTU were

both carried out in 6 patients. Of these, both tests were positive
in one patient, both negative in 3 patients, and 1 negative and 1
positive in 2 patients. In the 1 patient in whom both tests were
carried out with CARB (patient 3), tests were negative, whereas
in the 1 patient in whom both tests were carried out with MMI
(patient 3), 1 test was positive, whereas the other was negative.
Thus, in patients in whom both tests were carried out using the
same drug, correlation between lymphocyte transformation re-
sponses and the detection of neutrophil antibodies was found in
5 of 6 cases. Antibodies reactive with neutrophils were also
detected in 2 of the 5 patients tested using an enzyme-linked
immunosorbent assay. In this test antibodies to PTU or MMI
were not demonstrated.

Possible mechanisms for the neutrophil depression in relation
to these findings are discussed. It is concluded that patients with
Graves' disease may be prone to develop this complication of
antithyroid drug therapy because of underlying immunological
abnormalities. (J Clin Endocrinol Metab 58: 868,1984)

AGRANULOCYTOSIS is an uncommon but well rec-
XJL ognized complication of antithyroid drug therapy.
Although the mechanism, is-unknown, there are several

. ^
is always more than about 10 days after the commence-
ment of the drugs, ant̂ ^}pSf|l̂ iS£i§Bi]̂ jt̂

|rashT |̂teosinophilia, fever, vasculitis and lupus-like ill-
nesses (1-6).

Agranulocytosis is most common with propylthiouracil
(PTU). With renewed interest in PTU as an antithyroid
drug because of its additional action of blocking the
peripheral conversion of T« to T3 (7, 8) and a possible
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immunosuppressive role (9-11), it is clearly important to
determine the mechanism of the neutrophil depression
hi order to predict those patients likely to develop this
complication.

In this study, tests of peripheral blood lymphocyte
(PBL) transformation in response to PTU, methimazole
(MMI), and Carbimazole (CARB) were carried out on
patients with Graves', disease who developed agranulo-
cytosis while being treated with PTU or CARB. As
controls, lymphocyte transformation tests were carried
out in patients with Graves' disease currently being
treated with PTU, who had no adverse reactions. In
addition, tests for circulating antibodies against neutro-
phils and antithyroid drugs were performed using two
techniques.

Subjects and Methods

Twelve patients with Graves' hyperthyroidism, all women,
aged 17-35 (mean age, 27 yr), who developed agranulocytosis

868



ANTITHYROID DRUG-INDUCED AGRANULOCYTOSIS 869

within 2 weeks to 1V< yr after commencing PTU (11 patients)
or CARB (1 patient) were studied 1 week to 10 yr after devel-
opment of the blood dyscrasia. In all, the illness was associated
with sudden onset of fever, sore throat, and cervical lymphad-
enopathy. Recovery occurred within 2 weeks after discontin-
uation of the drug in all patients. All but 1 of the patients were
euthyroid at the time of testing, having been treated with
radioactive iodine (8 patients) or thyroidectomy (3 patients)
after recovery from the blood dyscrasia, from 2-10 yr earlier.
The exception was a patient (patient 5, Table 1) tested soon

development of the agranulocytosis while still hyperthy-
.;,Only 1 patient (patient 4) had a history of other drug

(to penicillin) and no patient had evidence of other
bunune disorders. No patient was taking other potentially

grinarrow suppressive drugs at the time of agranulocytosis.
1 of the patients were treated with standard doses of

Ibyroid drugs. The exception was the patient who developed
agranulocytosis while being treated with CARB (patient 3,
Table 1). At the time of onset of the blood dyscrasia she was
receiving 200 mg CARB/day.

Also studied were 1) 15 euthyroid patients with Graves'
disease currently being treated (for 3-18 months) with PTU
without side effects, 9 women and 6 men, aged 30-72 (mean
aee. Si yr); 2) 3 women aged 34-64 (mean age, 54 yr) with toxic
nodular goiter currently being treated with PTU without side
effect; and 3) 21 normal subjects, 17 women and 4 men aged
21-68 (mean age, 42 yr).

PBL were harvested using an Isopaque-Ficoll gradient (12)
and cultured in medium TC 199 (Difco Laboratories, Detroit,
Mli supplemented with 10% autologous serum, 10% fetal calf
serum, 200 mM glutamine, and 50 fig/ml of both penicillin and
"reptomycin. for 6 days at 37 C in a humidified atmosphere of
*~"i air and 5(1 CO2 in the presence of PTU, MMI, or CARB,
*ach at a concentration of 10 ^g/ml. Quadruplicate cultures,
Mcb containing 2 X 106 lymphocytes in 1.2 ml medium, were
set up. Lymphocyte transformation was assessed by adding 1.2
^Ci {3Hjthymidine (SA, 5 Ci/mmol, New England Nuclear,
Boston, MA) 18 h before termination of the cultures. At the
time of harvesting, supernatant^ were discarded and the cell
Proteins precipitated in 10% trichloracetic acid, washed, dried

*'•n Diethanol, and the radioactivity measured in Bray's solution.
Results were expressed as stimulation indices (SI), i.e. ratio of
counts per min/2 x 106 lymphocytes in stimulated cultures to
Counts per min/2 x 10s lymphocytes in control (unstimulated)

.cultures and a positive test as an SI more than the upper limit
of normal (mean + 2 so). Lymphocyte transformation tests
"ere carried out in 6 patients.

Circulating autoantibodies against PTU, MMI, and CARB
*e*e tested for using a modified antihuman globulin (Coombs)
*est. In this test patient or normal serum was incubated with
'•* without antithyroid drugs together with neutrophils from
eitner the patient (patient 3 only) or a normal subject and
^Putination of neutrophils assessed when antihuman globulin
*«s added. Neutrophils were obtained as the buffy coat layer
foin 20 ml citrated anticoagulated blood. Only neutrophils

*«ich were not agglutinated by Coombs reagent (indicating the
Wesence of surface Fc receptors) were used in the test. Briefly,

together with serum from patients with agranulo-

cytosis or normal subjects, and antithyroid drugs (all 50 ftg/ml)
were mixed gently and incubated for 1 h at 37 C in a water
bath. The cells were washed three times in saline and antihu-
man 7-globulin (Coombs reagent) added to a 50-̂ 1 aliquot. This
was centrifuged for 10 min and the neutrophils examined
microscopically for agglutination. This was assessed as positive
(+) or negative (-). In no case was borderline or doubtful
agglutination observed. In all cases appropriate controls,
namely, (1) neutrophils and patient's serum without antithy-
roid drugs; (2) neutrophils and antithyroid drugs without pa-
tient's serum; (3) neutrophils, antithyroid drugs, and normal
serum; and (4) neutrophils, patient's serum, and unrelated drug,
were included. Coombs tests were done in seven patients.
Antibodies against neutrophils and antithyroid drup were also
tested for using an enzyme-linked immunosorbent assay
(ELISA) in which normal neutrophils (10* per well), PTU, or
MMI (each 0.1, 1, and 10 pg/ml) or both neutrophils and
antithyroid drug, were coated onto the surface of microtiter
wells. Patient serum (diluted 1:100) was incubated with antigen
overnight at 4 C, followed by incubation with antihuman im-
munoglobulin G conjugated to 0-galactosidase for 3 h at 37 C.
Controls included tests with no antigen and tests with unrelated
drugs. Results were expressed as optical density (od) at 410
nm. A positive test was taken as an od more than the upper
limit of normal (mean + 2 SD).

Statistical analyses

Differences between patient and control groups were evalu-
ated using the Students' t test.

Results
The results of lymphocyte transformation tests are

summarized in Fig. 1. Tests were carried out in 6 of the
12 patients. Quadruplicate values were always within
20% of one another. For normal subjects SI ranged from
0.02-2.4, with a mean of 1.2 (±0.15 (SB)], n = 14) in tests
with PTU, and from 0.03-2.2 with a mean of 1.23 (±0.20,
n = 11) in tests with MMI. The upper limit of normal
was 2.2 for PTU and 2.6 for MMI. Tests were positive
to PTU in 2 patients (patients 3 and 4) with antithyroid
drug-induced agranulocytosis, and to MMI in 4 patients
(patients 1, 2, 4, 6), whereas the mean values (3.67 ±
1.83, n = 6 and 10.1 ± 5.1, n = 6, respectively) were both
significantly greater than those for normal subjects (t
tests, P < 0.01 and P < 0.001, respectively). In all patients
with positive tests mean (±SE) counts per min with
antithyroid drug was significantly greater (t tests, P <
0.05) than that for tests without drug. Cell viability,
assessed by trypan blue exclusion, was always more than
90% at 3 days of culture and more than 75% at 6 days,
and not altered by MMI or PTU. Tests were positive to
MMI alone in 3 patients (patients 1, 2, 6), to PTU alone
in one patient (patient 3), and lo both drugs in 1 patient
(patient 4) (Table 1). The patient whose PBL responded
to PTU alone (patient 3) was the patient who developed
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FlO. 1. Peripheral blood lymphocyte transformation in response to
PTU and MMI in 11 patients with Graves' disease with antithyroid
drug-induced agranulocytosis (AGRAN), 2) patients currently being
treated with PTU without reaction, and 3) normal subjects. Results
are expressed as SI. Horizontal bars, mean values (±SE>. O. PTU: D.
MMI for patients with agranulocytosis; the numbers representing
individuals with agranulocytosis, corresponding to those in Table 1. •.
PTU; A, MMI for patients not having a drug reaction, and normal
subjects.

agranulocytosis while receiving CARB, to which she did
not respond in vitro (SI 1.1, not shown). Positive tests
were not found in any of 10 patients with hyperthyroid
Graves' disease currently being treated with PTU who
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did not develop agranulocytosis and the mean (±SE) Si
for this group (1.05 ± 0.47, n = 9, and 0.99 ± 0.49, n =
8, for tests with PTU and MMI, respectively) were not
significantly different from those for normal subjects (P
= NS).

Circulating antibodies against neutrophils were de-
tected using the indirect Coombs test in 5 of the 7
patients tested (Table 1). Positive tests were found only
in the presence of the patients' serum and antithyroid
drug, irrespective of whether the neutrophils were ob-
tained from patient (patient 3 only) or from a normal
subject. Tests were positive with PTU alone in 1 patient
(patient 2), with CARB alone in three patients (patients
1, 6, and 7), and with PTU and MMI in the 1 patient in
whom the test was carried out with MMI, namely the
patient with CARB-induced agranulocytosis (patient 3).
Tests with serum from 4 patients currently treated with
PTU who did not develop agranulocytosis, from 3 pa-
tients with toxic adenoma currently being treated with
PTU, and from 5 normal subjects were negative with al!
three drugs in all (data not shown).

Finally, using an ELISA, antibodies reactive with nor-
mal neutrophils, not influenced by the addition of ami-
thyroid drugs, were detected in 2 of the 5 patients tested
(patients 8 and 9), but in none of 5 patients currently
treated with PTU who did not develop agranulocytosis
(Fig. 2), although the mean od for the group (0.21 ± 0.08.
n = 5) was not significantly greater than that for normal
subjects (0.1 1 ± 0.02, n = 7, P = NS). Tests were negative
to PTU or MMI alone in all 5 patients. Coombs tes=t=
and lymphocyte transformation tests were not done in
these 5 patients.

Discussion
Drug-induced blood dyscrasias are caused by a variety

of mechanisms, including direct toxic effects and immuj.
nological reactions. Although immunologically-mediati

TABLE 1. Clinical details and summary of PBL transformation and antibody tests in seven patients with antithyroid drug-induced agranuli

Patient Age at
no. testing

1 35
1 25
3 32
4 20
5 17
6 34
7 30

Sex

F
F
F
F
F
F
F

Antithyroid
drug

treatment

PTU
PTU
CARB
PTU
PTU
PTU
PTU

Sensitization
time'

3 mo
3 mo
3 mo
5 mo

18 mo
2wk
2 mo

Time (at testing) Positive PBL
since agranulo- transformation

cytosis*

10 yr
3yr
4yr
3yr
2yr
1 wk
4yr

PTU MMI CARB
+ NT

- + NT
+ — -
+ + NT

NT
- + NT

NT NT NT

Neutrophil *$$
agglutination*

PTU MMI CARB
NT +

+ NT -
+ + -

NT
NT
NT +

- NT +
NT, Not tested.
•Time from commencement of therapy to onset of agranulocytosis.
* SI more than upper limit of normal (mean + 2 SD for normal subjects).
' Determined using a modified Coombs' test.
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FlG. 2. Antibodies against normal human neutrophils in: 1) patients
with PTU-induced agranulorytosis (AGRAN) determined using an
ELISA. Results are expressed as od at 410 nm. 2( Patients currently-
being treated with PTU without reaction and 3) normal subjects.
Horizontal bam. mean values (±SE). O, for patients with agranuloey-
tosis: numbers represent individuals with apranulocytosis and corre-

those in Table 1.

reactions are usually associated with immunoglob-
tilin E type hypersensitivity occurring in atopic individ-
uals, there have been several reports pfyj]i|^r££eripjbeja|
biVod lymphocyte trarisfofmatioh iri respdjise to ^rugsjn

patients with allergies to .the drugs.. (13-jljj). Moreover
immunoglobulin G responses to drugs are not unex-
pected. The demonstration in this study of significant in
~:tru peripheral blood lymphocyte transformation in re-
sponse to antithyroid drugs in 5 of 6 patients with.
Graves* disease who developed agranuloeytosis while
being treated with PTU (or CARB in one patient) and

- of circulating antibodies against neutrophils in 7 of 12
arents sugge§ja3hayiffii^iiip^&p. |̂tg;^{a^i^lg

" ' ~ ~ ~ - ~ * " — . f a ? * . r g '•••,*.*Sii,x'*:.*':.-i>i'if/•?"•*>»*-*>»' *er***"»

. Because tests were
negative in patients currently being treated with

Antithyroid drugs it

r'^'^-w-iT M3'•."****'•>** Vo>',*'*V%*y«4,Vf*»'* i-Jt\*«uoc vtivit- *a UWJ.1C-

rnarfow depression in th'ese'pafients the immunologically
~toediated damage presumably affects the stem cells
^ther than mature, circulating neutrophils. In view of
tie extensive cross-reaction demonstrated it is likely that
tnethioamide group, which is common to the 3 antithy-
*wd drugs, is either the antigen or becomes antigenic by
r°nning a complex with a neutrophil protein. Such a
0>niplex may act as a nonspecific stimulant (adjuvant)

immune system (17) with bystander neutrophil
•**&*-•

Although, using the Coombs test, antibodies against
fttr?phils were delected only in the presence of ami-
• byroif} drug, this was not the case for those detected

using an ELISA in which tests were equally positive with
or without the addition of antithyroid drugs. The reason
for this apparent discrepancy is unknown although likely
to reflect either the different sensitivity of the tests or
the existence of separate classes of antibodies, i.e. 1)
those causing agglutination (detected in the Coombs test)
which may react with a neutrophil-drug complex, 2)
those which bind to but do not agglutinate (detected in
an ELISA), and which may be directed against a neutro-
phil protein independent of the antithyroid drug, and 3)
those which react with antithyroid drug alone. Of the
two tests the ELISA is certainly the more reliable and
specific, being a well standardized and widely used tech-
nique. Neutrophil agglutination is, on the other hand,
much more prone to nonspecific influences and is diffi-

by binding of {35S]PTU by patient immunoglobulin.
Although in vitro PBL transformation in response to

antigen is generally thought to represent a cell-mediated
(T cell) reaction, antibody producing (B) cells may also
transform under these conditions. Hence, while positive
lymphocyte transformation to antithyroid drugs suggests
hypersensitivity, it gives little indication of the underly-
ing immunological mechanism of the agranuloeytosis.
Thus, the agranuloeytosis may be due to cytotoxic anti-
bodies, the development of agranuloeytosis depending on
the chance formation of antibodies of high affinity, or to
cell-mediated immune reactions involving lymphokines.
Antibody-dependent killer cell-mediated cytotoxicity
against sensitized neutrophils may also be a mechanism
for antithyroid drug-associated agranuloeytosis, a possi-
bility that has not been studied.

\ Graves!4isease is associated with both humoral -an&
ce!Pm1e"b!IaTie4â ^ a|;kiH|f' several
tissues including thyroid (18-21), orbital tissue (22-25),
and lacrimal gland (26). Although, the .underlying
anism is.iJhknbwnV the resulting .abqQurnaUty fe j.

^ ^.iTv^_pl^
\nj^lity';]ijj;;jthj^^
bothjlr^a|i|£gjes^
Jr^y4^^^t|^i^yfitfTratiente^itji irn'rnunrpdeficieaG^j
l34*3<3p In this respect it may'be significant Inattne
patient with negative lymphocyte transformation and
antibody tests (patient 1) had the greatest delay, V& yr,
between the commencement of treatment and the de%'el-
opment of agranuloeytosis.

It is a common clinical experience that patients who
develop sensitivity responses to a single antithyroid drug
can usually be changed to another of these drugs without
difficulty. This tolerance for alternative drugs may
merelv reflect differences in affinities of antibodies for
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one or other of the drugs. The extensive immunological
cross-reactivity demonstrated in this study and, partic-
ularly, the possibility of occult sensitivity phenomena as
a result of this interaction suggests that this practice
should be avoided.
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